Abstract: Sodium intake is a potential environmental factor for immune-mediated inflammatory diseases. The aim of this study is to investigate the association of sodium intake with rheumatoid arthritis.
INTRODUCTION

M
ost chronic inflammatory diseases are immune-mediated complex diseases. Several genetic and environmental factors participate in their pathogenesis. Smoking, obesity, and periodontitis are putative risk factors associated with rheumatoid arthritis. 1, 2 The identification of modifiable environmental risk factors as diet would be useful to prevent this disease. However, the influence of diet on rheumatoid arthritis is poorly known.
Extracellular sodium plays a vital role in mammalian physiology, including maintenance of the extracellular fluid volume, water balance, and generation of the membrane potential of cells. The extracellular fluid contains around 95% of the total sodium content of the body. Most dietary sodium is consumed as common salt (sodium chloride). The role of high dietary sodium intake has been widely studied in cardiovascular diseases in reference to the occurrence of hypertension. 3 Also, a role of salt intake in endothelial regulation has been suggested. 4 Recently, high dietary sodium has been suggested as risk factor for the development of autoimmune diseases by the polarization of T cells to pathogenic Th17 cells via activation of the serum/glucocorticoidregulated kinase 1. 5 The interaction between sodium intake and immune-mediated chronic inflammatory arthritis is of particular interest. 6 The aim of our study was to investigate whether a high sodium intake is associated with rheumatoid arthritis, and to explore related factors that may influence the association.
METHODS
To achieve the objective, we carried a cross-sectional study.
Study Population
The SUN (''Seguimiento Universidad de Navarra'') cohort is a dynamic prospective cohort launched in 1999 by the Department of Preventive Medicine and Public Health of the University of Navarra, Spain. 7 The main objective of the SUN cohort is to study the influence of diet, habits, and physical activity on diseases. Details on the study design, recruitment strategy, and follow-up methods have been published previously. 8, 9 Briefly, after baseline assessment, participants received by mail or e-mail follow-up questionnaires every 2 years that contained a questions on diet, lifestyle, risk factors, and medical conditions. completion of the 1st questionnaire is started following signed informed consent. Ethical approval for this study was obtained in June 2013 from the Institutional Review Board of the University of Navarra, Pamplona, Spain. Only data corresponding to the baseline questionnaire were used for the present study. In June 2013, the SUN Project had 21,398 participants with baseline questionnaire. Participants are asked to self-report different chronic diseases including rheumatoid arthritis. Participants with total energy intake <500 or >3500 kilocalories daily for women or <800 and >4000 kilocalories daily for men (n ¼ 2027), pregnant females at baseline (n ¼ 100), participants with concurrent diagnoses of psoriasis (n ¼ 58), and participants without information in the average of pinches of salt consumption (n ¼ 658) were excluded. A sample of 18,555 participants was available for the analyses.
Sodium Intake
The survey collects demographic data and extensive information on diet, habits, general health, and physical activity patterns. Questionnaires (available at http://www.unav.es/ departamento/preventiva/sun) have been validated and tested. 9, 10 The self-administered questionnaire covers 136 individual semiquantitative food items. The daily sodium intake was calculated using a formula that includes the amount of sodium in foods and the average of pinches of salt. A pinch of salt was estimated to contain 1 g of sodium.
11,12
Demographic Background, Comorbidities, and Confounders
The baseline questionnaire includes information about participants' medical history (including a referred-diagnosis of rheumatoid arthritis conveyed to the participant by a doctor), health related habits, lifestyle, and socio-demographic variables, 7 as well as anthropometric data (weight, height). Physical activity was ascertained through a baseline 17-item questionnaire. The reproducibility and validity of self-reported anthropometric data 13 and physical activity 14 were assessed in subsamples of the cohort. Prevalent hypertension, diabetes mellitus, cardiovascular disease, and cancer were also extracted as variables.
Statistical Analysis
Baseline characteristics of the participants were described by using summary statistics. Differences between self-reported rheumatoid arthritis and the cohort were evaluated using parametric and nonparametric tests according to the distribution of variables, and sample size. The association of sodium intake and rheumatoid arthritis was investigated by logistic regression to estimate odds ratios with 95% confidence intervals (CI). Stepwise forward mutivariate models were built including the variables that reached a P-value of 0.10 in the bivariate model, and age, sex, total energy intake, prevalent cancer, prevalent cardiovascular disease, prevalent diabetes, snacking, and smoking as confounders; we explored the best model construction by inspecting the R 2 change of the models. A linear trend test of odds ratio was included in the multivariate analysis to explore a dose-dependent association. An additional multivariate analysis was conducted to adjust sodium intake for total energy intake, by using the residuals method. Interactions between relevant variables were investigated by the introduction of interaction terms and by inspecting the likelihood ratio test. A sensitivity analysis was performed excluding participants with prevalent diabetes or prevalent cardiovascular disease. Likewise, a case-control substudy was nested in the SUN cohort. In this substudy, self-reported rheumatoid arthritis individuals were selected as cases, and a random 1:4 subsample from the remaining SUN participants that were frequency matched by age categories and sex to the cases. The level of significance was set at P ¼ 0.05. Analyses were performed with Stata/IC 11.1 for Windows (StataCorp LP, TX).
RESULTS
Characteristics of Participants
As of June 2013, the SUN cohort included 21,398 participants. After excluding participants because of exclusion criteria, the effective sample size for the analyses was 18,555 individuals (mean age 38 years, 60% women). Median total daily sodium intake was 3.47 (P 25-75 : 2.63-4.55) g. A total of 392 participants self-reported a diagnosis of rheumatoid arthritis. Table 1 shows demographic characteristics, habits, and diet of participants according to quartiles of total daily sodium intake. Individuals with self-reported rheumatoid arthritis were different from the others in terms of age, sex, prevalent diseases (diabetes, hypertension, other cardiovascular diseases, and cancer), weight, body mass index, diet habits, smoking exposure, and alcohol consumption.
Logistic Regression Models
Our bivariate logistic analysis revealed a significant association of sex, age, prevalent diabetes, prevalent cardiovascular disease, prevalent cancer, dietary habits, body mass index, smoking, and daily alcohol intake with the diagnosis of rheumatoid arthritis (data not shown).
In the logistic model (Table 2) , the odds for self-reported rheumatoid arthritis increased with the amount of daily sodium intake when adjusted for sex and age. Individuals in the fourth quartile of total sodium intake presented a statistically significant association with the diagnosis of rheumatoid arthritis (odds ratio 1.4; 95% CI 1.1-1.9, P ¼ 0.02).
In a logistic multivariate model (Table 2 ) adjusted for potential confounders (age, sex, total energy intake, physical activity, prevalent hypertension, prevalent cardiovascular prevalent disease, prevalent diabetes, prevalent cancer, body mass index, following a special diet, snacking between meals, and smoking), the significant association was maintained (adjusted odds ratio 1.5; 95% CI 1.1-2.1, P ¼ 0.03). A linear trend test included in the multivariate analysis revealed a significant association of sodium intake with the diagnosis of rheumatoid arthritis in a dose-dependent manner (P ¼ 0.02). When sodium intake was adjusted for total energy intake through the residuals method, the association was replicated (adjusted odds ratio 1.4; 95% CI 1.1-1.9, P for trend ¼ 0.006).
Interactions With Sodium Intake
Interactions of total daily sodium intake with body mass index, hypertension, prevalent cardiovascular disease, prevalent diabetes, and smoking exposure (never smokers vs ever smokers) were explored. The likelihood ratio test showed significant interaction between sodium intake and smoking exposure (P ¼ 0.007). Results from the multivariate logistic regression stratified by smoking exposure showed statistically significant odds ratio in the third and fourth quartiles compared with the first quartile of daily sodium intake among never smokers (Table 3 ). The figure shows frequency of rheumatoid arthritis in the 8 different strata of the SUN cohort, which are defined by quartiles of total daily sodium intake and smoking exposure. Other explored interaction terms did not have a significant effect. (13) 38 (12) 37 (12) 37 (12) 51 (14) 38 (12) <0.001
Women, n, % 2774 (60) 2946 (64) 2858 (62) 2479 (54) 180 (46) 10,877 (60)
<0.001
Prevalent hypertension, n, % 483 (10) 311 (7) 259 (6) 318 (7) 91 (23) 1280 (7) <0.001
Prevalent diabetes, n, % 108 (2) 81 (2) 86 (2) 89 (2) 23 (6) 341 (2) <0.001
Prevalent cardiovascular disease, n, % 275 (6) 192 (4) 166 (4) 212 (5) 58 (15) 787 (4)
Prevalent cancer, n, % 209 (5) 191 (4) 170 (4) 139 (3) 31 (8) 678 (4) <0.001
Weight, mean (SD), kg 67.3 (14) 66.3 (14) 67 (14) 68.4 (14) 72.5 (15) 67 (14) <0.001
Body mass index, mean (SD) 
Following a special diet, n, % 544 (12) 374 (8) 326 (7) 309 (7) 68 (17) 1485 (8)
Snacking between meals, n, % 1279 (28) 1479 (32) 1683 (36) 1763 (38) 117 ( 
Sensitivity Analysis
A sensitivity analysis excluding individuals with prevalent diabetes or prevalent cardiovascular disease was performed. In multivariate analysis, the association of the total daily sodium intake in the fourth quartile with rheumatoid arthritis remained significant (adjusted odds ratio, 1.6; 95% CI 1.1-2.3, P for trend ¼ 0.013).
A case-control frequency study matched by age categories and sex was performed. This substudy involved 1960 individuals; 392 self-reported rheumatoid arthritis cases and 1568 matched controls. The logistic multivariate model adjusted for confounders showed a statistically significant association between a diagnosis of rheumatoid arthritis and the fourth quartile compared with the first quartile of total daily sodium intake (adjusted odds ratio, 1.6; 95% CI 1.1-2.3, P for trend ¼ 0.02). Similarly, when total sodium intake was adjusted for total energy intake through the residuals method, the association with rheumatoid arthritis of the fourth quartile compared with the first quartile of total daily sodium intake remained significant (adjusted odds ratio, 1.5; 95% CI 1.1-2.1, P for trend ¼ 0.002).
DISCUSSION
This study shows a dose-dependent relationship between daily sodium intake and the diagnosis of rheumatoid arthritis. The study also demonstrates that the association between sodium intake and rheumatoid arthritis is clearer in nonsmokers than in smokers; as in these latter, the risk of rheumatoid arthritis is already high.
Rheumatoid arthritis is a complex disease that results from the interaction of many genetic and environmental factors. Estimates suggest that half the risk of developing RA is determined by genes. 15 Environmental factors as current smoking, periodontitis, and obesity are also associated with the risk of suffering the disease. 16, 17 In addition, our study links a high sodium intake with rheumatoid arthritis. Increase in salt concentration in vitro induces serum/glucocorticoid-regulated kinase 1 expression. This kinase plays an important role in cellular stress response. Excessive serum/glucocorticoid-regulated kinase 1 expression activity participates in the pathophysiology of hypertension, obesity, thrombosis, cardiac arrhythmia, peptic ulcer, allergy, and tumor growth, and serum/glucocorticoid-regulated kinase 1 gene variants are associated with increased body mass index. 18, 19 In vitro and in animal models, high salt concentrations also promote interleukin-23R expression and enhance interleukin-17-producing helper T cells differentiation. 5, 20 The interleukin-17-producing helper T cells are the dominant cell type in arthritis and have a critical role in the progression to chronic destructive arthritis. 21, 22 All this information suggests that serum/ glucocorticoid-regulated kinase 1 may be a common path in the pathogenesis of rheumatoid arthritis and obesity. Also, some serum/glucocorticoid-regulated kinase1 polymorphisms are associated with type 2 diabetes. 23 This observation further supports the association of rheumatoid arthritis with the sodium intake and other comorbidities as hypertension. It could be speculated that patients with some serum/glucocorticoidregulated kinase 1 variants would suffer from both obesity and rheumatoid arthritis, and a high sodium intake would further increase serum/glucocorticoid-regulated kinase 1 expression, and thereby would explain the association of high sodium intake, with obesity and rheumatoid arthritis. This needs to be demonstrated by studies focused in the interactions between serum glucocorticoid kinase 1 variants and sodium intake in rheumatoid arthritis patients.
The association of salt intake and inflammation could have other explanations. Salt intake alters endothelial function increasing production of transforming growth factor-b and modulating vascular endothelial growth factor C. 4, 24 Interestingly, an association of high sensitive C-reactive protein and salt intake in heart failure subjects has been described. 25 Finally, high salt intake has been related to inflammation in animal models during pregnancy. 26 In our study, sodium intake interacts with smoking. Although this link remains unclear, in mice nicotine-induced regulation of serum/glucocorticoid-regulated kinase 1 expression has been described. 27 Notably, no additive effect of sodium and smoking is seen, suggesting that there is not a dose response regulation of the expression. On the contrary, in never smokers, there is a clear association between sodium intake and rheumatoid arthritis (Table 3 , and Figure 1) . A recent paper reports an interaction between sodium intake and the development of rheumatoid arthritis. 6 In contrast with our present work, this association was only found in smokers. Sundström et al. showed an association between smoking in 6 strata based on smoker status and tertile of salt consumption. Nevertheless, the reported frequencies are not greatly different from our results. Perhaps the different methodology to assess interaction may account for the difference. In essence, both studies reach similar conclusions, although in our work smoking is a much stronger determinant of RA than salt intake.
The size of this health survey based cohort is one of the strengths of the study. The SUN cohort is not representative of the general population because all participants are university graduates. Around 10% of the participants have a PhD, and >90% a university degree. This could be taken as limitation but instead provides a high reliability to the self-reported data. Furthermore, there is no evidence to suspect that level of education has an impact on the prevalence of arthritis. An additional value is the extensive detailed dietary data provided by the validated questionnaire used in the cohort. There are also some limitations. This is a cross-sectional study just competent to show association between sodium intake and prevalence of rheumatoid arthritis. Although it is not sufficient to demonstrate a causal link, the observed dose dependent association favors this interpretation. Another limitation is that sodium intake was calculated indirectly by a formula but this estimation would have affect in a similar way the sodium intake estimation of rheumatoid arthritis patients and the others. Also case-definition was based on the self-reported diagnosis of rheumatoid arthritis. Self-reported rheumatoid arthritis refers to the diagnosis convey to the patient by his/her doctor. It does not mean the patients made the diagnosis of his/her condition. Nevertheless, the likelihood that participants in the survey included under the heading of rheumatoid arthritis other chronic arthritis exists. However, this is unlikely due to the level of education of participants supporting a high level of self-reported diagnostic reliability. Nevertheless, individuals with concurrent diagnosis of psoriasis were excluded. Surprisingly women are only 46% of rheumatoid arthritis, due to the characteristics of the cohort, and this could limit the generalizability of the results. Nevertheless, we were not exploring frequencies but associations, and these usually persists regardless the setting.
Further support is the significantly larger proportion of patients with hypertension in the rheumatoid arthritis group. A modest increase of extracellular salt concentration upregulates serum glucocorticoid kinase 1 expression, and its excessive activity causes renal sodium retention and blood pressure increase. 20, 28 Also, certain polymorphisms of serum glucocorticoid kinase 1 expression are associated with enhanced blood pressure. 29 All this information indicates a role of the expression of serum glucocorticoid kinase 1 in salt-related hypertension. The expression of this kinase might be a common link between inflammation and hypertension.
In summary, the environmental factor high sodium intake is associated with diagnosis of rheumatoid arthritis. Interaction between sodium intake and smoking further contributes to this association. The dose dependent association suggests a causal link. Both high sodium intake and smoking are preventable, and correction of these factors may have an impact on the rate of rheumatoid arthritis. Longitudinal prospective studies would unveil the relevance of sodium intake in the pathogenesis of this chronic inflammatory arthritis.
